Abstract. This paper is the second in the series of papers on near-infrared (NIR) stellar spectral library produced by reducing the observations carried out with 1.2 meter Gurushikhar Infrared Telescope (GIRT), at Mt. Abu, India using a NICMOS3 HgCdTe 256 × 256 NIR array based spectrometer. In paper I (Ranade et al. 2004 ), H-band spectra of 135 stars at a resolution of ∼ 16Å were presented. The K-band library being released now consists of 114 stars covering spectral types O7-M7 and luminosity classes I-V. The spectra have a moderate resolution of ∼ 22Å in the K band and have been continuum shape corrected to their respective effective temperatures. We hope to release the remaining J-band spectra soon. The complete H and K-Band library is available online at: http://vo.iucaa.ernet.in/∼voi/NIR Header.html
Introduction
In the last few years, several population synthesis models have completely renewed the interest for population analysis. Models by Vazdekis et al. (1999) , Bruzual & Charlot (2003) and le Borgne et al. (2004, PEGASE.HR) gained in details with a higher spectral resolution. The physics of the models has improved substantially, with the implementation of new evolutionary tracks, in particular with enhanced Mg/Fe (Thomas & Maraston 2003) . However, the most remarkable progress concerns the quality of the stellar libraries.
A decade ago, the stellar spectral libraries, even in the visible region, were lacking in spectral resolution, wavelength coverage and/or coverage of the parameter space. The best library at that time was the Jones library (1999) with a resolution R=3000 but with a restricted wavelength coverage, and a poor knowledge of the atmospheric parameters of the stars. In the last few years a new generation of libraries has been published; ELODIE: with 1500 stars at R=10000 in the range 390 to 680 nm (Prugniel & Soubiran 2001; last version in Prugniel et al. 2007) ; STELIB: which has a small number of stars and low resolution but covers all the visible range (Le Borgne et al. 2003) ; INDO-US (Valdes et al. 2004 ) which has both a large wavelength coverage with a good spectral resolution, R=5000 and MILES: which has a good coverage in wavelength and atmospheric parameters but still insufficient resolution (Sanchez-Blazquez et al. 2006) .
But the situation is not the same in case of near-infrared. Several authors have compiled small libraries in K band region (Johnson & Meńdez 1970 ; Kleinman & Hall 1986 ; Lanc on & Rocca-Volmerange 1992; Ali et al. 1995; Hanson et al. 1996; Wallace & Hinkle 1997) . Most of these libraries are at medium resolution (500-3000). The most recent is by Ivanov et al. (2004) which contains 218 late type stars spanning a range of [Fe/H] ∼ -2.2 to ∼ +0.3 but is not flux calibrated. In this paper, we present a spectral library of 114 star in K-band at moderate resolution of 22Å covering larger range in T ef f as compared to Ivanov et al. (2004) .
In this paper, Section §2 describes the observations and related issues. In section §3, we describe the basis of selection of the stars for this library and in section §4 we describe the data reduction and calibration procedure. Lastly, in section §5 we show examples of some K band spectra and their comparison with the existing database of Wallace et al. (1997) .
OBSERVATIONS
The database of 114 stars selected in this library were observed in six different runs from January-April 2003. The details of the log is shown in Table 1 in which first column gives observing date and month, column 2 gives the total number of programme stars observed in each run, last column gives the total number of standard stars observed in each run. All the observations have been done from the 1.2 meter Gurushikhar Infrared Telescope (GIRT) of Mt.Abu Infrared Observatory, India (24 0 39 ′ 10.9 ′′ N, 72 0 46 ′ 45.9 ′′ E at an altitude of 1680 meters). The K band long slit spectra were taken from the NIR Imager/Spectrometer equipped with a 256×256 HgCdTe NICMOS3 array. The slit width corresponds to 2 arc-seconds for the f/13 Cassegrain focus with the slit covering most of 240 arc-seconds field of view and oriented along North-South direction in the sky. The reflection grating has 149 lines per mm and is blazed for H band center wavelength of 1.65 µm in the first order and combined with the slit width of 76 µm gives a moderate resolution of 1000. The exposure time for individual spectrum ranged from 1 sec to 120 sec depending on the K magnitude of the program star resulting in S/N ratio of 50 or better. Two sets of spectra were obtained at two dithered positions on the array, the typical separation was about 20 arcsec. As the 256 elements of NICMOS3 array in the dispersion axis do not cover the entire K band, the spectra have been obtained for two grating settings, denoted as K1 and K2 region. By combining K1 and K2 region, single K band spectra have been computed. The details of procedure to acquire the data from the Mt. Abu observatory is discussed in paper I.
For a majority of the program stars, we have observed a nearby main-sequence A type star at nearly same air-mass to minimize the effects of atmospheric extinction. To optimize the observing efficiency, a single standard star has been observed whenever some of the program stars happened to be in the nearby region of the sky. For the early February and late April 2003 observing runs, late B type standards have been observed. The list of standard stars that have been observed are given in Table 2 . In this table the standard star identifier is given in column (1) with right ascension and declination for J2000.0 in column (2) and (3) respectively. Columns (4), (5) and (6) contain the spectro-luminosity class, observed V magnitude and T ef f respectively.
The wavelength calibration has been performed using OH airglow lines. Hence, in case of brighter stars when the individual integration time was less than 120 sec, a separate sky frame was taken with 120 sec exposure time by drifting the star in RA axis by typically about 10 arc-seconds. This enabled the OH airglow lines to register with reasonably large counts.
SELECTION OF STARS
While building a spectral library, it is very important that one includes various spectral types so that we have a homogeneous and comprehensive coverage of all possible spectroluminosity classes. To optimise the observing efficiency stars upto a magnitude of ∼ 7 were selected for the present programme. The histogram in Fig. 1 represents the total number of stars covered in terms of spectral types (top panel) and Luminosity classes (bottom panel) The details of number of stars covered in terms of spectral types per luminosity class is illustrated by the histogram in Fig. 2 . It may be noted that we have covered the HR diagram in effective temperature and luminosity parameters reasonably (5) The detailed criteria for the selection of stars with their references are discussed in paper I. We have covered a reasonable region of parameter space in temperature, gravity and metallicity. Fig. 3 shows the plot of log g vs. T ef f for the GIRT stars. The general trend is quite similar to that of Ivanov et al. (2004) 
DATA REDUCTION AND CALIBRATION
The near infrared spectral data reduction is similar to that of optical data reduction with minor differences. The presence of strong telluric emission lines and varying atmospheric transmission due to changing water vapour content necessitates observation of standard star spectra at similar airmass soon after the program star observation. The whole process of near infrared long slit spectra reduction can be separated into a few major steps, viz., (i) pre-processing (ii) spectrum extraction (iii) wavelength calibration (iv) atmospheric transmission and instrument response determination using standard star data (v) continuum fitting and (vi) radial velocity correction. We have used standard tasks available in software package IRAF 1 for data reduction. As discussed in §2 we have two sets of frames at two different locations of the detector. The availability of these two sets of spectra is utilized to remove the dark counts and the large sky background at near infrared wavelengths. This is accomplished by taking the difference of spectra obtained at two different locations on the detector. As there is no autoguider on the telescope, the frames with maximum counts in two positions are selected for data reduction. We thus have two difference frames for extraction of the spectrum. The detail of the each task and its significance in the data reduction is discussed in paper I. As discussed in §2 registering atmospheric OH airglow lines in the frame is important which helps for wavelength calibration of the stellar spectra. The list of registered OH airglow lines are given in Table 6 . The IRAF task identify is used for this purpose. The IRAF task refspec is used to specify the appropriate wavelength calibrated spectrum for the stellar spectra extracted through apall task. The IRAF task dispcor was used to set the wavelength calibration for the stellar spectra.
The effects like atmospheric transmission effects and the instrument effects (filter transmission and wavelength dependence of detector quantum efficiency) can be be removed by taking the ratio of the program star spectrum with that of a standard star spectrum observed under similar conditions and subsequently multiplying with a model synthetic spectrum for the standard star. We have selected bright A and late B type with T ef f ≈ 10000 K because at this temperature only neutral hydrogen lines will be present and no metallic lines will survive in the NIR spectral region. Table 2 lists standard stars used for the purpose of taking ratios. The stellar absorption feature due to hydrogen namely the Brackett gamma line was removed before taking the ratio. The program star flux is divided by the corresponding standard star flux and in this process the modulation due to telluric features, atmospheric extinction and instrumental effects cancels out. The resultant function from this division is multiplied with a corresponding blackbody flux distribution at the temperature corresponding to the standard star. It may be noted that unlike many of the spectral libraries published earlier the spectra presented here have been continuum shape corrected to their respective effective temperatures.
As mentioned in Section 2, majority of the spectra were obtained at two positions (K1 and K2) of the grating to cover the entire K band region. While doing the data reduction it was observed that registration of OH airglow lines at higher wavelength (K2 region) is quite poor and difficult to use for wavelength calibration. The slightly different placement of the grating in K2 setting resulted in non-uniform coverage of longer wavelengths for each star. Hence most of the data in this library spans the earlier part of the K band with slightly different wavelength coverage corresponding to the K1 setting. The detail of the wavelength coverage for each star is given in Tables 7, 8 & 9. In Tables 7, 8 & 9 , the first and second column contain the star ID, Columns (3) and (4) contain the right ascension (J2000.0) and declination (J2000.0) respectively Column (5) gives the apparent V magnitude. The column (6) gives the corresponding standard star ID used for data reduction while last column gives the available GIRT spectral region for the same star.
SPECTRAL LIBRARY
The NIR K band spectral library of 114 stars is available in the format of reduced ASCII tables with wavelength versus flux at a spectral resolution of 1000 at 5Å binning. The main goal of this paper is to make this library available for variety of investigators working in the NIR region. Thus, the complete library can be downloaded from the website:
http://vo.iucaa.ernet.in/∼voi/NIR Header.html
The essential information of each star in the database is summarized in Tables 3,  4 (2), (3) and (4) give the main spectral type, luminosity class and effective temperature respectively. Columns (5) and (6) give the log g and [Fe/H] values respectively. The last column gives the references from which the physical parameters have been obtained. Fig. 6 , shows spectra of six supergiant stars, covering a large range of MK spectral type, and thus illustrates the basic dependence of spectral features. Fig 7 shows spectra of five giant stars again covering different spectral types. Similarly Fig 8 shows a series of six dwarf stars. All of these plots illustrate the change in basic features with the temperature, gravity and metallicity. We also attempt to show the quality of spectra by comparing some selected spectra with the already published K band library by Wallace et al. (1997) .
Following paragraphs describe the procedure that we have followed for comparing the GIRT and Wallace data.
The block diagram in Fig. 9 depicts the steps carried out on both libraries. There are two steps to be performed on the Wallace et al. (1997) .
(i) conversion of wavenumber vs. relative flux to wavelength vs. relative flux 10 shows a sample of some of the common stars in GIRT and Wallace et al. library with good matching of the spectral features as evident from the correlation coefficient r values. This plot covers most of the main spectral types. It may be noted that the resolution of both the spectra is not same viz. GIRT ∼ 1000 and Wallace ∼ 3000.
In conclusion, we may mention that this library of 114 stellar spectra in the NIR K band has been carefully checked for its consistency with earlier published libraries and provides a larger database with extended spectro-luminosity coverage for usage in stellar population synthesis work and other applications as well as complimenting large optical libraries. However it is very important to have large spectral range to cover the entire spectra in K band region, we would like to mention that we will carry out similar Figure 10 . Spectra of a selection of common spectra from Wallace et al. 1997 (thin lines) and GIRT (thick lines) libraries. Please note that the two spectra in each panel have been offset purposely for sake of clarity and the flux values are relative.
